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ABSTRACT
This study investigates the larvicidal activities of  plant extracts and tannins against wood-damaging 
insects. Scots pine (Pinus sylvestris), beech (Fagus orientalis), and poplar wood (Populus tremula) 
were subjected to larvae of Spondylis buprestoides (Coleoptera: Cerambycidae) by impregnating them 
with mimosa (Acacia mollissima), quebracho (Schinopsis lorentzii) and redpine bark (Pinus brutia) 
extracts. At the end of the 6-month experiment, the numbers of dead and live larvae as well as the 
mean mass losses of woods were determined. In terms of wood species, the lowest larva resistance 
was observed in Scots pine wood, while the highest larva resistance was achieved by beech wood. 
The lowest mass losses and the highest dead termite rates in all tree species were observed when the 
concentration of mimosa and quebracho extracts was 12%. On the other hand, the pine bark extract 
showed a lower larvicide effect than the other two extracts.
Keywords: Mimosa, pine bark extract, plant extract, quebracho, Spondylis buprestoides, tannin, 
wood treatment. 
INTRODUCTION
Wood being a biological material is readily degraded by fungi and termites (Syofuna et al. 2012) 
but, one of the most important causes of damage to wood materials is insects. Wood materials damaged 
by insects result in both technical and economic losses (Ssemaganda et al. 2011). Over the past 60 
years, numerous synthetic insecticides have been developed and used. However, many countries have 
partially restricted or completely forbidden the use of synthetic insecticides because of their harmful 
effects against human health and the environmental pollution including genetic resistance of pest 
species, threat to wild life, motivation by weather, hazards from handling (Khatun et al. 2011, Franzen 
1993, Rembold 1993, Şen et al. 2009). Thus, studies were concentrated on developing environmentally 
friendly wood preservations (Tascioglu et al. 2013). In this regard, plant extracts and tannins can be 
useful and effective against wood-damaging insects. 
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Some extracts in woods and the other parts of the trees (bark, leaves, etc.) are tannin, flavonoid, 
lignan, stilbene, terpene, and terpenoid. These extracts are compounds protecting woods from 
biological degradation (Toshiaki 2001, Windeisen et al. 2002, Geromini et al. 2015, Fidah et al. 
2016). Tannins constitute the majority of extracts. They are complex, water-soluble, and botanical 
polyphenols (Hagerman 2002). Tannins have a broad distribution in the plant kingdom and are found 
in plant tissues - bark, wood, fruit, fruit seed, leaf, stem etc. - and sap (Syofuna et al. 2012, Huş 1969). 
They can be categorized into two groups: hydrolysable and condensed. Especially condensed tannins 
constitute 90% of total commercial tannins around the world, having a production of 350000 tons/year, 
and they are also resistant to biodegradation (Pizzi 1983). Mimosa and quebracho extracts include high 
tannin content and are significant commercially condensed tannins (Haslam and Tanner 1970). In a 
vast number of investigations, botanical extracts and tannins have been proven to be effective against 
wood-damaging insects (Kirker et al. 2013, Santana et al. 2010, Zarins et al. 2009, Civelek et al. 2008, 
Kaygın 2007, Jembere et al. 2005, Nerg et al. 2004, Şen et al. 2002; Langenheim 1994, Halsberger et 
al. 1991, Gershenzon and Croteau 1991).
Insects play an important role in damaging wood materials, causing economic losses. Examples 
include insect types belonging to Cerambycidae, Anobidae and Lyctidae families. Another wood-
damaging insect type is Spondylis buprestoides, which belongs to the Cerambycidae family from the 
Coleoptera class. This insect type is observed especially in Australia, Siberia, Korea, Japan, and China. 
It damages coniferous trees, particularly Scots pine, and other pine tree types like spruce and fir trees 
(Kolk and Starzyk 1996). 
The objective of this study was to investigate the larvicidial effects of mimosa, quebracho and pine 
bark extract against Spondylis buprestoides insect larvae. Thus, it was determined that the whether or 
not the use of environmentally friendly tannins against insect is appropriate.
MATERIALS AND METHODS
Preparation of Experimental Samples 
Wood samples used for insect test were prepared using Scots pine (Pinus sylvestris L.) (SP), beech 
(Fagus orientalis L.) (B), and poplar (Populus tremula L.) (P) sapwoods in 50 x 25 x 15 mm dimensions 
(longitudinal x radial x tangential), in accordance with the TS 5564 EN 47 standard. Annual rings in the 
samples were made to be parallel to the broad surface, and larvae holes were perforated using drilling 
bits corresponding to larvae dimensions.
Impregnation Process
Before the impregnation process, solutions with different concentration levels were prepared using 
mimosa (Acacia mollissima) (M), quebracho (Schinopsis lorentzii) (Q) and redpine bark (Pinus brutia) 
(P) powder extracts. Water was used as the solvent. Many literature studies indicated that tannin-rich 
extracts easily dissolve in aqueous solutions (Fennema 1996). Two concentration levels were used in all 
experiments: 6% and 12%. Table 1 shows the pH values of impregnating solutions of extract species.  
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Table 1. pH values of impregnating solutions of extract species.
Extract species pH
%6 %12
Acacia mollissima 5,16 5,08
Schinopsis lorentzii 5,49 5,58
Pinus brutia 4,75 4,69
Experimental samples were first dried in an oven at 60 ºC for 48 h, and then their masses were 
measured. To impregnate the wood samples with extracts, a cylinder applying both vacuum and 
pressure was used. The first step of the impregnation was to apply pre-vacuum with 600 mm-Hg for 30 
min, and later impregnating solution was sent to a boiler (Şen et al. 2009). The process was ended by 
applying a pressure of 8 kp/cm2 for 60 min. After the impregnation process, the retention amounts of 
extracts were calculated using the equation in Section 2.3.
Retention =                       kg/m3
G = The amount of solution absorbed by the sample (mtreated- m60ºC ) (g),  
       m
60ºC
= weight before impregnation (g), mtreated= wet weight after impregnation (g),  
       C = Solution concentration,  
       V = The volume of the wood samples (cm3)
Larva Experiments
The insect tests were made according to the TS 5564 EN 47-1996 standards with minor 
modifications like insect species.This method explains criteria to evaluate the impregnated material. 
In all experiments, larvae belonging to the Spondylis buprestoides (Coleoptera: Cerambycidae) insect 
were used. All larvae were supplied from Erzurum. They were carefully collected and then weighed. 
Larvae having masses between 50 and 60 mg were preserved in a humid Scots pine wood dust for 
subsequent use. The species of the insect was identified by the Entomology Department of the Faculty 
of Forestry of Duzce University. Insects belonging to the Cerambycidae family cause severe damage 
to wood materials (Kaygın 2007); thus, this insect species is widely used in investigations studying 
wood-damaging insects including this particular experiment.
Before introducing larvae into impregnated samples, they were weighed and dried, at 60 ºC for 
48 h (m
60ºC-1
). Transverse cross-sections of samples were perforated with a hole that was 1,5 times the 
larva diameter. Larvae were placed into their holes so that their heads could be below and subjected to 
larvae damage for 6 months. Climate conditions of the laboratory were arranged to be identical with the 
larvae’s climate. Temperature values of larvae’s region ranged between 25 and 30 ºC during daytime 
and between 15 and 20 ºC at night. Therefore, temperature and humidity of the laboratory were set to 
be 22 ºC±2 and 75 ±3 %, respectively.
To evaluate the damage caused by larvae, the activities of the impregnated materials on the larvae 
were determined each month by calculating the number of dead larvae, the number of larvae actively 
causing damage, and mass losses caused by larvae on impregnated and unimpregnated wood samples. 
All larvae were removed from the experimental samples, and larva bites inside the samples were 
cleaned. All samples were dried at 60 ºC for 48 h, and weighed. Mass losses were calculated using the 
equation below.     
G C
V
×
×10
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Mass loss (%) = [(m
60ºC-1 
- m
60ºC-2
)/ m
60ºC-1
] × 100
m
60ºC-1 
= Dried masses (g) of samples at 60 ºC before experiments, 
       m
60ºC-2
= Dried masses (g) of samples at 60 ºC after experiments
During the 6-month experiment, active larvae in each experimental sample were designated as “+”, 
living but inactive larvae were designated as “+”, and dead larvae or larvae in pupation were designated 
as “-”. 
Wood Composition Analyses
To determine from which wood constituent Spondylis buprestoides larvae are fed, chemical 
analyses were performed in frass and feces of larvae. These chemical analyses are alpha-cellulose 
(Wise and Karl 1962), holocellulose (Wise and Karl 1962), and extractive material (T 204 om, 1997) 
and lignin (T 222 om, 1998) analysis.  And the sugar analysis of Scots pine wood frass caused by larva 
bites were performed with HPLC (High-Performance Liquid Chromatography) at the Duzce University 
Forest Faculty. 
RESULTS AND DISCUSSION
 
Retention 
For determining the impregnation amounts of wood samples having different concentration levels, 
their retention amounts were calculated, as shown in Table 2. When eighteen mean values including 
wood species (WS), extract species (ES) and concentration (C) factors were compared, the best result 
was achieved by poplar and Scots pine wood samples impregnated with quebracho extract at a 12% 
concentration level. Their retention amounts were found to be 91,5 and 81,3 kg/m3 respectively. The 
majority of the studies indicate that retention values can vary depending on wood and extract species 
(Şen 2001, Tırak 2006). 
 
Table 2. Mean retention values of wood samples impregnated with extractive materials at different 
concentration levels (The values in the parentheses indicate standard deviations).
Retention (kg/m3)*
ES/C Scots pine Beech Poplar
M 6% 26,8 (1,8) b 25,5 (6,3) b 22,0 (8,3) ab
M 12% 72,6 (6,5) cd 73,2 (0,6) cd 73,4 (9,6) cd
Q 6% 15,9 (2,3) a 25,8 (2,0) b 25,3 (4,3) b
Q 12% 81,3 (2,9) e 69,9 (2,1) cd 91,5 (1,3) f
P 6% 21,5 2,6) ab 23,4 (0,6) b 21,4 (7,0) ab
P 12% 72,1 (0,2) cd 66,8 (1,4) c 74,5 (8,1) d
*The difference between mean values indicated by same letters and column are statistically insignificant (p<0,05). (ES: Extract 
species, C: concentration, M: Acacia mollissima, Q:Schinopsis lorentzii, P: Pinus brutia)
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Mass Losses
Mean mass losses obtained from the control samples of unimpregnated Scots pine, beech and 
poplar wood species were 47,2%; 25,2% and 30,6% respectively. Results indicated that Scots pine 
wood samples had the highest damage, while beech and poplar wood species had lower mass losses. 
Thus, it can be said that beech and poplar trees in the raw condition were more resistant than Scots pine.
Mean mass losses in the Scots pine wood samples impregnated with extracts at different 
concentration levels and monthly larva examination results are shown in Table 3. Scots pine wood 
samples impregnated with mimosa at a 12% concentration level had an efficient resistance against 
larvae of S. buprestoides, and a very low mass loss (14,6%) was observed. Mean decreasing mass loss 
rete of Scots pine wood samples treated with mimosa tannin compared to untreated control samples 
were calculated as 69,1%. The difference between the 6% concentration level of mimosa and quebracho 
extracts and mean mass losses of Scots pine control samples was found to be statistically significant 
(p<0,05). However, the difference between mean mass losses of pine bark extracts at two concentration 
levels and those of control samples was statistically insignificant (p<0,05).
When monthly examination results of larvae were evaluated, it was observed that the majority of 
larvae in the Scots pine control samples were still alive until the end of the sixth month and they actively 
caused damage to the samples. In addition, larvae began to go into the pupation beginning from the 
second month. Larvae activities in the Scots pine samples impregnated with mimosa and quebracho at 
a 6% concentration level continued until the end of the fourth month. On the other hand, larvae in the 
pine bark extract at a 6% concentration level caused damage until the end of the fifth month.
When concentration levels of mimosa and quebracho extracts were increased up to 12%, it was 
determined that all larvae died at the end of the second month. For the pine bark extract at a 12% 
concentration level, some larvae could remain alive until the end of the fifth month. The study conducted 
by Şen (2001) indicated that death rates in the Scots pine wood samples impregnated with the gallnut 
powder (Quercus infectoria), sumac leaf (Rhus coriariae) extract and valonia (Quercus macrolepis) 
extracts were 84%, 80%, and 76%, respectively. However, in the same study they also observed a very 
low larvae death rate (28%) in the Scots pine wood samples impregnated with the pine bark extract. 
When concentration levels of all extracts in this study were increased from 6% to 12%, mass losses 
occurred at a certain level. Results showed that the increase in the concentration levels of all extracts 
affected mass losses caused by larvae, which made wood samples more resistant against larvae. Civelek 
and Colak (2008) found similar results, and they stated that Calabrian pine wood samples impregnated 
with different extracts were effective on larvae. In another study, Scots pine wood samples impregnated 
with beech wood extracts had a preventive effect against larvaes (Haslberger and Fergel 1991).
Table 3. Mean mass losses of S. buprestoides larvae in the Scots pine wood samples and monthly 
larva evaluation results.
Extract 
Species
Concentration (%) Mass loss (%)*
Monthly  larva evaluation***
1 2 3 4 5 6
Control** 47,2 (2,6) e ++++ +++ ++ +++ ++ +
Mimosa
6 38,3 (3,7) d +++ +++ ++ + - -
12 14,6 (13,1) a ++ + - - - -
Quebracho
6 31,1 (1,8) c +++ ++ ++ ++ - -
12 20,7 (2,0) b +++ ++ - - -
Pine bark
6 47,5 (2,6) e +++ +++ +++ ++ + -
12 31,5 (4,4) c ++++ ++ ++ - -
* The difference between mean values indicated by same letters is statistically insignificant (p<0,05) 
**Data of the control group was subjected to variance analysis for each extract type 
*** Each plus indicates one larva. Bold pluses (+) are active-alive; unbold pluses (+) are passive-alive; minus (-) is dead larvae 
or larvae in the pupation
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Mean mass losses of beech wood samples and monthly examination results are shown in Table 
4 results show that beech wood samples impregnated with mimosa and quebracho extracts at 12% 
concentration level can be effective against S. buprestoides larvae. Mass losses of these beech wood 
samples impregnated with mimosa and quebracho extracts were 0,9% and 1,8% respectively. Mean 
decreasing mass loss rete of beech wood samples treated with mimosa (12%) and quebracho (12%) 
extracts compared to untreated control samples were calculated as 96,4 and 92,8% respectively (Figure 
1). The difference between mean values was statistically insignificant (p<0,05). In addition, mass 
losses of both extracts at a 6% concentration level were lower than control samples, and the difference 
between them was statistically significant. While there was a statistically significant difference between 
mass losses of beech wood samples impregnated with pine bark extracts at 6% and 12% concentration 
levels, pine bark extracts could not provide an effective resistance against larvae at both concentration 
levels as much as the mimosa and quebracho extracts could. 
Table 4. Mean mass losses of S. buprestoides larvae in the beech wood samples and monthly 
larva evaluation results.
ES
C (%) Mass loss (%)* Monthly  larva evaluation ***
1 2 3 4 5 6
Control** 25,1 (2,7) d +++ +++ ++ ++ - -
M
6 12,0 (2,4) b +++ ++ - - - -
12 0,9 (0,7) a + - - - - -
Q
6 12,5 (1,5) b +++ ++ + - - -
12 1,8 (1,5) a ++ - - - - -
P
6 22,9 (3,1) d +++ +++ ++ + - -
12 18,4 (1,9) c ++ ++ + - - -
* The difference between mean values indicated by same letters is statistically insignificant (p<0,05) 
** Data of the control group were subjected to variance analysis for each extract type 
*** Each plus indicates one larva. Bold pluses (+) are active-alive; unbold pluses (+) are passive-alive; minus (-) is dead larvae 
or larvae in the pupation 
(ES: Extract species, C: concentration, M: Acacia mollissima, Q:Schinopsis lorentzii, P: Pinus brutia)
Figure 1. Decreasing mass loss rate of  treated wood samples compared to untreated control 
samples. (M: Acacia mollissima, Q:Schinopsis lorentzii, P: Pinus brutia).
(SP: Scots Pine wood samples,    B:Beech wood samples,  P:Poplar wood samples)
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Monthly evaluation results showed that while larvae in the beech control samples caused damage 
until the end of the third month, death rates increased beginning from the fifth month because of 
the larvae pupation. Live larva could not be observed after the end of the fifth month. Beginning 
from the third month, damage caused by larvae stopped at a 6% concentration level of mimosa and 
quebracho extracts. It was observed in the pine bark extract that some larvae could remain alive until 
the beginning of the fourth month, and live larvae caused damage. When the concentration levels of 
mimosa and quebracho extracts were increased to 12%, the number of live larvae was considerably 
decreased compared to control beech wood samples, and from the end of the first month, no live 
larva was observed in the wood samples impregnated with both extracts. No significant difference 
was determined in the amounts of the frass in both impregnated and unimpregnated control samples, 
obtained as a result of larva damage.
Mean mass losses in the poplar wood samples and monthly larva evaluation results are shown 
in Table 5. Results indicated that mass losses of the mimosa, quebracho and pine bark extracts at a 
12% concentration level decreased from 30,6% to 6,4%; 5,4% and 22,1% respectively. When their 
concentration levels decreased to 6%, considerable increases in mass losses were observed.
Table 5. Mean mass losses of S. buprestoides larvae in the poplar wood samples and monthly 
larva evaluation results.
Extract 
Species
Concentration 
(%) Mass loss (%)*
Monthly  larva evaluation ***
1 2 3 4 5 6
Control** 30,6 (6,7) c +++ +++ +++ ++ + -
Mimosa
6 20,2 (1,3) b +++ ++ + - - -
12 6,4 (1,5) a + + - - - -
Quebracho
6 19,4 (2,6) b ++ ++ ++ + - -
12 5,4 (1,4) a ++ + - - - -
Pine bark
6 31,5 (3,1) c +++ ++ ++ + - -
12 22,1 (2,4) b ++ ++ + -
* The difference between mean values indicated by same letters is statistically insignificant (p<0,05) 
** Data of the control group were subjected to variance analysis for each extract type 
*** Each plus indicates one larva. Bold pluses (+) are active-alive; unbold pluses (+) are passive-alive; minus (-) is dead larvae 
or larvae in the pupation 
Although feces and frass caused by the larvae were removed at the beginning of the experiment, 
they were subsequently identified in the tunnels bored within wood samples. Moreover, the amounts of 
frass differed in the impregnated and unimpregnated samples. The amounts of frass in Scots pine and 
poplar wood species increased with increasing concentration levels of extracts. Such an increase was 
not observed in beech wood samples.
Results showed that as a result of the increase in concentration (from 6% to 12%) in three wood 
samples impregnated with mimosa and quebracho extracts, a linear increase in larvae death rates was 
determined across the positive direction. In addition, a negative-directional relationship was determined 
between the mass losses and death rates of larvae. Similar results were found in some studies using 
botanical extracts (Nerg et al. 2004).
An inhibiting effect of phenolic compounds against the growth of insect larvae was determined in 
numerous investigations (Haslam 1988, Scalbert 1991, Fettköther et al. 2000). High larva resistance of 
mimosa and quebracho extracts is considered to be due to their compositions. Many compounds having 
insecticide features were determined by high-performance liquid chromatography (HPLC) analyses in 
mimosa, quebracho and pine bark extracts (Taşcıoğlu et al. 2012). It was determined by some studies 
(Guerra et al. 1990, Isman and Duffy 1982, Simmonds 2003) that catechol and rutin found in mimosa 
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and quebracho extracts were effective compounds against insects.
Composition Analyses of Scots pine frass caused by Larva Bites
Entomological experiments conducted for determining insecticide characteristics of extracts 
against S. buprestoides larvae indicated that Scots pine wood was the most affected wood type by 
larvae. Chemical analyses were conducted to determine the wood compositions of Scots pine 
samples, as shown in Table 6. Frass caused by larvae and Scots pine wood control samples were 
compared. Holocellulose amount of frass were lower than that of control samples, while the amounts 
of extractive materials, alpha-cellulose and lignin increased in frass. Results indicated that the larvae of 
S. buprestoides caused the highest damage to holocellulose.
Table 6. Compositions of Scots pine frass.
Wood components UndigestedControl  (%)
 Digested
frass (%)
Extractives 2,95 ± 0,43 4,86 ± 0,29
Holocellulose 76,07 ± 0,37 70,71 ± 1,09
Alpha-cellulose 60,87 ± 0,46 65,85 ± 0,30
Lignin 23,93 ± 0,37 29,29 ± 1,09
Sugar analyses were conducted to determine holocellulose compositions in the Scots pine wood 
samples. Table 7 indicated that the highest mass loss in holocelluloses (29,3%) was observed in the 
glucose sugar. There were also observed mass losses in the mannose sugar (20,7%) and in the arabinose 
sugar (7,1%).
Table 7. Sugar analysis results of Scots pine wood frass caused by larva bites.
Sugars UndigestedControl  (g/L)
Digested
frass (g/L) Loss (%)
Glucose 0,14 ± 0,011 0,09 ± 0,037 29,32
Mannose 0,08 ± 0,013 0,06 ± 0,004 20,70
Arabinose 0,041 ± 0,024 0,04 ± 0,021 7,06
GC-MS analysis results of three extracts are shown in Table 8. Results indicated that many fatty 
acids having an insecticide characteristic were determined. Especially caprylic and linoleic fatty acids 
were considered to be efficient factors on the activities of extracts against larvae (Kio, 1990; Ralston 
et al., 2012). 
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Table 8. GC-MS results of extractive components dissolved in methanol
Extracts Compounds Rt (min) % Area
Mimosa
Phenethyl alcohol 8,79 1,15
Caprylic acid 11,92 1,90
1-pyridin-2-oen(1-(2-(1,3-Benzodioxol-5-yl)ethyl)-
1,3,4A,5,6-hexa) 13,98 0,33
Linoleic acid 16,21 0,065
Nonanoic acid,9-oxo, methyl ester 18,01 0,23
Behenic acid ME 19,83 0,77
Quebracho
Ethanthiol,2(Diethylboryloxy) 6,85 22,50
Phenethyl alcohol 8,79 10,10
Acetic acid,((phenymethoxy)ımıno)-trimethylsil ester 7,34 5,70
Caprylic acid 10,19 2,36
2-Heptenal,(E)- 10,64 0,52
Propane ,2-Flupro-2-methyl 11,01 0,59
1-pyrindin-2-oen(1-(2-(1,3-benzodioxol-5-l)ethyl)-
1,3,4A,5,6-hexahydro) 13,97 3,49
3-methyl-2(2-oxopropyl)furan 14,87 0,83
Lauric acid 15,08 8,30
Hyroquinone 15,85 2,37
Linoleik acid 16,19 3,12
Heptacosanoic acid,2,5-methyl,methyl ester 16,52 0,37
Nonanoic acid, 9-oxo,methyl ester 18,01 0,30
Stearyl alcohol 20,86 0,90
Pine bark
3-methyl-2-(2-oxopropyl)furan 13,29 0,11
Capylic acid 13,56 1,20
1-benzoxepin,2,3,4,5-tetrahydro 13,98 0,20
Linoleic acid 16,82 0,28
Rt: Retensiyon time (minute), 
CONCLUSIONS
When control samples of wood species were compared, it was observed that beech and poplar 
wood samples were more resistant than Scots pine samples. A 6-month experiment series conducted 
on larvae showed that the number of dead larvae in beech and poplar trees was higher than that in the 
Scots pine tree. When the concentration level was 12% in the Scots pine wood samples impregnated 
with mimosa and quebracho extracts, mean mass losses decreased by 2/3. Therefore, Scots pine wood 
samples impregnated with mimosa and quebracho at a 12% concentration level obtained significant 
resistance against larvae. Correspondingly, an increase in death rates of larvae was observed from the 
beginning of the first month. There were some similarities between the mass losses and larvae death 
rates of beech and poplar wood samples. It was observed that mass losses in poplar wood samples 
impregnated with pine bark extract at a 12% concentration level were lower than control samples by 
the ratio of 2/3. As a result of the increase in concentration level, the resistance against larvae increased 
at a certain level in three wood samples impregnated with pine bark extract. However, these increases 
in resistance were not as high as those caused by mimosa and quebracho extracts.
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